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AB	 Antisocial	Behaviour	ACC	 Anterior	Cingulate	Cortex		ASPD	 Antisocial	Personality	Disorder	CBCL	 Child	Behaviour	Checklist		CD	 Conduct	Disorder	CU	 Callous-Unemotional	(traits)	DTI		 Diffusion	Tensor	Imaging	FA	 Fractional	Anisotropy	fMRI	 Functional	Magnetic	Resonance	Imaging	ICU	 Inventory	of	Callous-Unemotional	Traits	


















































































1. Often	bullies,	threatens	or	intimidates	others	2. Initiates	physical	fights	3. Has	used	a	weapon	to	cause	serious	harm	to	others	4. Has	been	physically	cruel	to	people	5. Has	been	physically	cruel	to	animals	6. Has	stolen	whilst	confronting	a	victim	7. Has	forced	someone	into	sexual	activity	
Destruction	of	Property	 8. Has	engaged	in	fire	setting	with	intention	to	damage	9. Has	deliberately	destroyed	property	(other	than	fire	setting)	
Deceitfulness	or	Theft	 10. Has	broken	into	a	house,	car	or	building	11. Lies	to	obtain	goods	or	avoid	obligations	12. Has	stolen	items	of	non-trivial	value	without	confronting	a	victim	(shoplifting,	forgery)	
















































































































































































































































Chapter	 2	(Emotion	Hexagon)	 3	(Subliminal	Emotion	Processing)	 4	(DTI)	Sample	size	 110	 56	 62	Age,	mean	(SD;	range)	 13.9	(2.7;	9-18)	 13.9	(2.5;	9-18)	 13.52	(2.7;	9-18)	Male	gender	(%)	 45	(43.2%)	 21	(37.5%)	 23	(37.0%)	






























































































































































































































































emotion	recognition	accuracy.			 1	 2	 3	
1.	CU	traits	 	 	 	2.	Internalising	behaviours	 .17	 	 	3.	Externalising	behaviours	 .34**	 .55**	 	4.	Age	 -.03	 .001	 -.09	
5.	IQ	 -.01	 -.10	 -.02	
6.	Overall	Accuracy	 -.17	 -.11	 -.06	
7.	Anger	 -.01	 -.27**	 -.001	
8.	Disgust	 -.19*	 -.13	 -.05	
9.	Fear	 -.03	 -.02	 -.08	
10.	Happy	 .01	 -.03	 -.03	
11.	Sad	 -.05	 -.07	 -.03	






























































































































































































	 All	(n	=	56)	 Males	(n	=	23)	 Females	(n	=	39)	Age,	mean	(SD;	range)	 13.9	(2.5;	9-18)	 14.3	(2.5;	9-18)	 13.1	(2.66;	9-17)	
IQ,	mean	(SD;	range)	 101.0	(9.4;	83-123)	 102.3	(9.9;	90-123)	 100.1	(12.6;	83-118)	










































































	 ICU	 	 CBCL	 		 r	 p	 r	 p	Amygdala	 L	 -.30*	 .04	 -.17	 .61	R	 -.37*	 .01	 -.35	 .08	
Insula	 L	 -.35*	 .03	 -.15	 .56	R	 -.37*	 .01	 -.23	 .40	
ACC	 L	 -.08	 2.32	 -.04	 .87	R	 -.10	 .32	 -.003	 7.84	


















































































































	 ICU	 CBCL		 r	 p	 r	 p	Amygdala	 L	 .12	 .21	 .07	 .61	R	 .03	 .43	 .09	 .52	
Insula	 L	 .19	 .08	 .03	 .82	R	 .11	 .21	 .01	 .96	
ACC	 L	 .05	 .36	 -.05	 .74	R	 .07	 .31	 -.09	 .53	











































































































	 All	 Males	(n	=	23)	 Females	(n	=	39)	Age,	mean	(SD;	range)	 13.52	(2.67;	9-18)	 14.30	(2.49;	9-18)	 13.05	(2.66;	9-17)	






















































































































































































































































































































































































































































	 	 Statistic	 df	 Sig.	
Emotion	Recognition	Task	
Happy	 .510**	 110	 .000	Sad	 .721**	 110	 .000	Anger	 .913**	 110	 .000	Disgust	 .834**	 110	 .000	Surprise	 .838**	 110	 .000	Fear	 .909**	 110	 .000	Overall	Accuracy	 .896**	 110	 .000	
Psychometric	tests	









	 	 Overall	accuracy	 Anger	 Disgust	 Fear	 Happy	 Sad	 Surprise	
CU	traits	 Correlation	Coefficient	 -.16	 -.1	 -.19*	 -.01	 -.02	 -.25*	 -.05	
	 Sig.	(2-tailed)	 .05	 .32	 .05	 .92	 .88	 .01	 .65	
	 Bayes	Factor	 2.56	 .88	 3.12	 .22	 .30	 11.11	 .40	Externalising	behaviours	 Correlation	Coefficient	 .004	 .01	 -.01	 -.05	 .06	 -.09	 .05	
	 Sig.	(2-tailed)	 .99	 .90	 .91	 .62	 .56	 .39	 .62	






	 	 Overall	Accuracy	 Anger	 Disgust	 Fear	 Happy	 Sad	 Surprise	
CU	traits1	 Correlation	 -.20*	 -.14	 -.23*	 .01	 -.02	 -.25*	 -.10	
	 Sig.	(2-tailed)	 .03	 .18	 .03	 .95	 .87	 .02	 .37	
	 Bayes	Factor	 3.72	 .79	 5.86	 .22	 .30	 10.54	 .46	Externalising	behaviours2	 Correlation	 .04	 .06	 .07	 -.05	 .06	 .002	 .08	
	 Sig.	(2-tailed)	 .64	 .56	 .53	 .63	 .55	 .99	 .44	


















		 Anger	 Disgust	 Fear	 Happy	 Sad	 Surprise	
CU	traits	
Correlation	 -.061	 -.236*	 -.145	 -.022	 -.244*	 -.082	
Sig.	(2-tailed)	 .582	 .032	 .192	 .841	 .026	 .464	df	 104	 104	 104	 104	 104	 104	
Externalising	Behaviours	
Correlation	 .05	 -.064	 .008	 .058	 -.05	 .005	
Sig.	(2-tailed)	 .655	 .566	 .941	 .602	 .656	 .963	




		 Anger	 Disgust	 Fear	 Happy	 Sad	 Surprise	
CU	traits2	
Correlation	 -.087	 -.229*	 -.16	 -.048	 -.244*	 -.09	
Sig.	(2-tailed)	 .436	 .038	 .151	 .666	 .027	 .419	df	 86	 86	 86	 86	 86	 86	
Externalising	Behaviours3	
Correlation	 .079	 .029	 .069	 .072	 .049	 .039	
Sig.	(2-tailed)	 .478	 .794	 .535	 .519	 .663	 .725	
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Anger	 Disgust	 Fear	 Happy	 Sad	 Surprise	
Anger	 61.9	 14.7	 1.7	 1.5	 1.2	 1.2	
Disgust	 22.1	 73.4	 3.3	 1.0	 6.4	 1.6	
Fear	 4.6	 1.5	 74.7	 1.0	 3.3	 6.8	
Happy	 0.6	 0.6	 0.8	 94.2	 0.8	 3.4	
Sad	 2.1	 8.9	 3.1	 1.0	 87.4	 1.2	











Brain	region	 L/R	 Peak	voxel	(MNI)	 Cluster	size	 z-value	x	 y	 z	





	 ICU	 CBCL	Amygdala	 L	 6.03	 1.40	R	 30.33	 4.86	
Insula	 L	 18.16	 1.06	R	 30.33	 1.91	
ACC	 L	 .21	 .65	R	 .19	 .62	










	 ICU	 CBCL	Amygdala	 L	 .46	 .69	R	 .21	 .74	
Insula	 L	 1.06	 .64	R	 .41	 .63	
ACC	 L	 .24	 .66	R	 .28	 .74	












	 ICU1	 CBCL2		 r	 p	 r	 p	
Amygdala	 L	 -.25	 .04	 -.04	 .76	R	 -.25	 .04	 -.23	 .10	
Insula	 L	 -.32	 .01	 .01	 .99	R	 -.31	 .01	 -.08	 .56	
ACC	 L	 -.07	 .33	 -.01	 .94	R	 -.11	 .21	 .05	 .71	











	 ICU1	 CBCL2		 r	 p	 r	 p	
Amygdala	 L	 .09	 .26	 .03	 .86	R	 -.01	 .46	 .09	 .54	
Insula	 L	 .20	 .07	 -.06	 .67	R	 .12	 .20	 -.05	 .74	
ACC	 L	 .08	 .28	 -.08	 .58	R	 .12	 .19	 -.13	 .35	










		 		 Whole	brain	 Left	UF	 Right	UF	
Table	3	Correlations	 CU	traits	 .36	 .31	 .41	Externalising	 1.38	 .99	 .84	
Table	4	Correlations	 CU	traits	 .37	 .31	 .41	Externalising	 1.38	 .99	 .85	
Notes:	These	correlations	were	computed	using	Breeden	(2015)	reported	
correlations	as	plausible	maximum	effects.	For	the	whole	brain	condition,	an	average	
of	the	bilateral	UF	was	used,	following	advice	from	Zoltan	Dienes.	As	Breeden	et	al	
did	not	finding	significant	correlations	for	the	externalising	behaviours	when	CU	
traits	were	controlled	for	(row	4),	we	instead	used	the	plausible	maximum	effects	
from	the	original	externalising	correlations.		
